The apparatus described below was used during the past year to provide first-year medical and graduate students with an opportunity to observe and study for themselves basic phenomena characteristic of the excitable tissues in general and nerve in particular. The apparatus represents the culmination of numerous attempts on our part to design and develop an arrangement that would be relatively simple to operate and sufficiently rugged to stand up under inexperienced hands, and which would be cheap to build and easy to maintain. In our experience, this "set up" has proven so satisfactory from the point of view of both students and teachers that we have been encouraged to recommend its use to others. The description of the apparatus is supplemented by an outline of a laboratory exercise which has proven particularly successful in clarifying some of the fundamental principles involved in an appreciation of the activity of nerve fibers.
The preparation is housed within a galvanized sheet-metal box having dimensions approximately 30" x 24" in front and 18" deep. This box, open in front, serves as an electrical shield for the preparation. The leads to the amplifier are carried via a shielded cable; the shield was soldered to the metal box. When an induction coil was used to excite the preparation it was housed in the box to eliminate stray inductive "pick up" of alternating current fields usually present in the laboratory, and the leads to the primary circuit were brought in via a second shielded cable which was also soldered to the wall of the box.
The nerve-we have used the frog sciatic-was housed in an ordinary plastic refrigerator dish approximately 3.5" x 7" x 3". The cover, which served as the base of the chamber, bore a terminal board with taps for at least six terminals. To each of these terminals was attached a silver wire supported at its distal end across a slotted piece of the plastic. The nerve was supported by these wires which served as electrodes; two wires for stimulation and two for recording, with a ground electrode preceding the latter pair by a few millimeters in order to minimize the stimulus artifact recordings, if so desired. Their spatial relations could be altered by changing the leads on the taps. A wad of absorbent cotton soaked in frog Ringer and placed on the floor of the chamber aids in the maintenance of the proper humidity and in preventing the nerve from damage due to drying.
To excite the nerve we have used a condensor discharge controlled by a thyratron (R.C.A. 884) as shown in Fig. 2 Fig. 2 , the delayer is a conventional square-wave generator of the single shock variety which is triggered by the fly-back component of the sweep voltage wave. The collapse of the square wave gives rise in turn to a trigger which discharges the thyratron and this delivers a stimulus to the nerve. The amount of the delay is determined by the combination of the .01 mfd condensor and the 1 M resistance. The delayer and the stimulator circuits were constructed on a "bread board" so that the circuits might be easily followed by the students.
The amplifier (see Fig. 3a , 3b) is a conventional push-pull design with a differential input stage using the special 1620 (R.C.A.) tube to minimize tube noise and microphonics. The maximum time constant available is adequate for the low frequency response required for recording potential changes in the cerebral cortex. By means of the pair of plugs L. L., the low frequency response can be varied when desired. Plug H. is employed to vary the high frequency by changing the shunting capacity. Thus the amplifier serves as a general purpose instrument. Again, to encourage the inspection and to quicken the interest of the students while they are using the equipment, the amplifier was constructed in "bread board" fashion with the exception of the preamplifiert which was built on a 7" x 7" x 2" metal chassis to minimize 60-cycle pickup, and mounted on the same board. A calibrator circuit was included in the preamplifier chassis. A note of precaution concerning proper grounding procedures: All ground points in the amplifier should be connected to common ground point. The metal box can be connected to this common junction via the 308 etl1r.,owr o-O'-oov*vw10p1,d"q shielding braid which covers the amplifier input leads, i.e., the braid can be soldered to the inside of the box as it enters. A water pipe or conduit box can be used very effectively as the final ground point.
Suggested laboratory exercises-(total time required about 2½V hours): The object of this exercise is to acquaint the student-first hand -with some of the electrical manifestations of an excitable tissue, i.e., peripheral nerve.
The preparation: Dissect out the sciatic of the frog, together with the roots of origin in the plexus; continue the dissection to expose the posterior tibial branch. Care should be taken to irrigate the preparation periodically with frog Ringer's to prevent damage due to drying. Ligate the extreme ends of the exposed nerve with black cotton thread, cut one end of the thread close to the nerve; leave the other about an inch and a half long. The long end is useful in manipulation of the nerve on the electrodes. Cut the nerve beyond the ligatures and transfer it carefully to a position across the four electrodes by means of the thread. Moisten the cotton in the base of the plastic dish bearing the electrodes and put on the cover to prevent the preparation from drying.
Diphasic and monophasic action potentials: Place the nerve over the two recording electrodes in such a fashion that the position of the nerve between the electrodes is moist and uninjured. If the nerve is conducting to a point in its length beyond the distal recording electrode the action current will be diphasic; if it is conducting to and beyond the proximal recording electrode but not to the distal the action current will be monophasic. Further, the action current will be monophasic if a healthy portion of the nerve is in contact with the proximal recording electrode and the moist thread used to ligate the nerve is laid over the distal. Typical oscillograms are shown in Fig. 4 .
Relationship between the strength of the stimulus and the size and form of the action current: Arrange the nerve over the recording electrodes so that the action current, as seen on the screen of the oscilloscope, is monophasic. Then by means of the potentiometer in the primary circuit of the inductorium slowly increase the strength of the stimulus from threshold up to and beyond maximal, i.e., the point at which no further change in the action current occurs despite the increase in the intensity of the stimulus. Note the sudden and abrupt appearance of the action current at threshold and the increase in its height with increasing intensity. Observe that as the intensity increases, the form of the right side-descending limb-of the action alters. Waves appear on its surface. By ranging the intensity of the stimulus, it may be possible to determine the threshold for the appearance of the individual components-or waves-due to the onset of the activity of previously inactive nerve fibers and so to compare the excitability of the fiber components of the mixed nerve.
Note that the form of these waves is stabilized when the stimulus strength is maximal or supermaximal.
The speed of conduction of the action current I. Calibration of time base: The time on the oscilloscope base is established by deflecting the electron beam in the horizontal direction at a constant rate. This is accomplished by a thyratron "sweep" oscillator circuit contained within the oscilloscope chassis. For example, a sweep frequency of 30 per second implies that the electron beam sweeps from left to right at a constant speed thirty times per second, the interval of time for the "fly-back" to occur being regarded as practically instantaneous. The length of the line drawn by the electron beam can be regulated by the amplitude control "HORIZONTAL AMPLITUDE."
The sweep frequency is varied by the combined settings of the II. With the nerve arranged over the recording electrodes in such a fashion that a monophasic action current is recorded, excite the nerve through the stimulating electrodes and measure the distance on the oscilloscope screen separating the,opening wave of the action current from the shock or excitation artifact. Convert this distance into time (millisecs) by means of the calibration made above with the alternating current. Now measure the length of the nerve between the exciting and the recording electrodes. This length divided by the interval between the shock artifact and the occurrence of the action potential is a measure of the speed with which the wave of negativity or action current travels in the most rapidly conducting fibers. Now alter the length of nerve interposed between the exciting and recording electrodes; the conduction time should alter but not the speed. If the preparation is one in which the compound action current is clearly composed of waves, measure the speed of conduction in the fibers responsible for the slowest of these waves.
The action of an anesthetic: With nerve arranged to record the monophasic action potential bring a pledget soaked in 0.2 per cent procaine into contact with a portion about midway between the electrodes. As the procaine diffuses into the nerve trunk note the change in the form of the recorded action current. Remove the pledget soaked with procaine and replace it with one soaked in frog Ringers. The action current should recover its original form as the procaine is washed out of the nerve trunks. Summary
Circuit designs are presented for the construction of an amplifier that can be used with an oscilloscope (Dumont or Heath Kit) by medical and graduate students in laboratory exercises in illustrating the electrical properties of the excitable tissues. An outline of a laboratory exercise that has proven a successful guide for students is also presented.
